There are a few reports regarding the treatment of traumatic vertebral arteriovenous fistulas and pseudoaneurysms. Our aim was to describe the clinical and angiographic results of endovascular therapy for traumatic injuries of the vertebral artery.
V
ertebral artery traumatic lesions can be classified either as dissecting, thrombotic, pseudoaneurysm, or arteriovenous fistula (AVF). AVFs compromising the vertebral artery are rare lesions, defined by the presence of an abnormal shunt between the extracranial vertebral artery or 1 of its muscular or radicular branches and an adjacent vein. [1] [2] [3] These lesions can be of traumatic or spontaneous origin. [1] [2] [3] [4] [5] [6] Traumatic fistulas are frequently associated with penetrating neck injuries. [7] [8] Less frequent causes include puncture of the vertebral artery after gaining jugular vein access for central line placement, neck surgery, dislocations, and fractures of the cervical spine. [9] [10] [11] Approximately 30% of AVFs can be asymptomatic, 12 discovered incidentally after auscultation of a neck bruit. However, these lesions can have ischemic symptoms of vertigo, diplopia, and cephalgia secondary to arterial steal. The presence of myelopathy or cervical neuralgia is rare but can result after arterial blood reflux into spinal pial veins or after root compression by engorged epidural veins. 2 Closure of the AVF or pseudoaneurysm with preservation of the parent artery is the main goal of treatment, rarely achieved with surgery but frequently attained with an endovascular approach. 12 In this article, our purpose was to review our experience in the management of traumatic injuries of the vertebral artery, to evaluate the morphologic characteristics of this uncommon condition, and to determine the benefits of endovascular treatment on the basis of clinical and angiographic results.
Materials and Methods
The clinical records and imaging studies of patients treated for traumatic vertebral artery injuries between 1997 and 2005 were retrospectively analyzed, and endovascular treatment was performed in 18 patients (Table  1) . This series represents all of the patients seen during the interval of our study, because all of the vertebral artery lesions were treated with endovascular techniques. There were 14 male (77.8%) and 4 female patients (22.2%). The average age was 28 years (range, 11-49 years). Pre-and postoperative angiographic images were available for review in all patients. The clinical information was introduced into a data base, including variables referring to topography and morphology of vertebral artery lesions previously established elsewhere. 3, 12 Information about clinical presentation, endovascular techniques used, and angiographic and clinical outcomes of treatment was registered. All procedures were performed with the patient under moderate conscious sedation with neuroleptanalgesia, allowing regular clinical and neurologic evaluation, except for an 11-year-old patient who required general anesthesia. All patients received 70 U/Kg of heparin after proximal positioning of a 6 or 7F catheter in the compromised vertebral artery. According to the particular requirements of each patient, diverse materials and techniques were used, including parent artery occlusion or fistula trapping with detachable balloons, stent delivery, and embolization with coils or liquid agents like n-butyl cyanoacrylate. When sacrifice of the vertebral artery was unavoidable, a balloon occlusion test was performed for 20 minutes while evaluating for possible neurologic deficits secondary to posterior circulation ischemia. During balloon occlusion, the collateral circulation was evaluated by injecting the contralateral vertebral artery and both carotid arteries. The balloon was detached if there were no neurologic deficits and the collateral circulation was judged adequate. In all patients, comparative pre-and postembolization images were obtained. After the procedure, the patients were taken to the intensive care unit for neurologic and vital sign monitoring during 24 hours.
Results
The causes of the injuries were the following: gunshot wounds in 11 patients (61.1%), stab wounds in 5 patients (27.7%), detonation with explosive-propelled fragments penetrating the neck in 1 patient (5.5%), and an iatrogenic lesion in 1 patient secondary to the puncture of the internal jugular vein during placement of a central line (5.5%).
Patients were most commonly asymptomatic (n ϭ 11; 61.1%) and had their lesion discovered after auscultation of a neck bruit. The rest of the patients had diverse symptoms, including cephalgia, cervical radiculopathy, subarachnoid hemorrhage and stiff neck, tinnitus, spinal cord symptoms, and vascular dementia syndrome (Table 1) .
Sixteen patients (88.8%) had vertebral AVFs, of whom 7 (43.7%) had an associated pseudoaneurysm. Two (11.1%) patients had pseudoaneurysms without arteriovenous shunt. These lesions were found on the following portions of the vertebral artery: below C5 in 5 (27.7%), between C5 and C2 in 7 (38.8%), and above C2 in 6 (33.3%). Detailed information about lesion morphology including arterial feeders, presence of pseudoaneurysm, and venous drainage is given in Table 2 .
Endovascular treatment was performed by using balloon occlusion of the parent vessel and AVF in 12 patients (66.6%), coil embolization in 2 patients (11.1%), detachable balloon and coil embolization of the AVF in 1 patient (5.5%), balloon occlusion of the AVF in 1 patient (5.5%), stent delivery, and coil and n-butyl cyanoacrylate embolization of the AVF in 1 patient (5.5%) ( Table 1) . One patient with an AVF diagnosed by CT angiography experienced occlusion of the shunt by spontaneous dissection of the vertebral artery demonstrated during conventional angiography.
Immediate angiographic occlusion after endovascular treatment was documented in 16 patients (88.9%), and partial occlusion, in 2 patients (11.1%). In the 2 patients with only partial endovascular occlusion, complete closure of the fistula was demonstrated at 24-month follow-up. In 17 of the 18 study patients (94.5%), the objective and subjective findings disappeared. Only 1 patient (5.5%) had partial clinical improvement (this individual presented with dementia secondary to emboli from a pseudoaneurysm of the vertebral artery producing cerebellar, occipital, and bithalamic infarcts). There were no clinically symptomatic complications in any of the patients treated.
Discussion
Vertebral arteriovenous fistulas are an uncommon pathology, either spontaneous or traumatic in origin. Our series differs from that of Beaujeux et al 12 because most of the arteriovenous fistulas in their patients were spontaneous (59%), whereas all of our patients had traumatic lesions. This difference may be due to the fact that our institution is a regional referral center for trauma patients.
In our series, we also found differences in the location of the lesions compared with other studies. [4] [5] [6] [7] 12 Although the literature reports a preponderance of involvement of the vertebral artery below C5, we found a greater frequency of lesions between C2 and C5 (38.8%). This finding reflects the fact that traumatic lesions tend to occur in zone II of the neck (zone II lies between the cricoid and the angle of the mandible), in concordance with results reported in a study with similar demographic characteristics compared with our patient population. 13 Clinical symptoms produced by arteriovenous vertebral fistulas are related to the flow velocity in the shunt, venous drainage pattern, and lesion chronicity. These factors can affect neighboring structures by means of steal phenomenon or venous hypertension. 7 Most of our patients were asymptomatic at diagnosis, probably because they presented during the acute phase of the fistula when a neck bruit was found at physical examination in the emergency department. Ischemic injury resulting in dementia syndrome can result after clot embolization from a pseudoaneurysm, as described in 1 of our patients. Symptomatic thromboembolism was seen in only 1 patient in our series, despite the high incidence of pseudoaneurysm (43.7%), probably because of a protecting effect of the shunt into the venous side of the fistula.
CT angiography has a preponderant role in the evaluation of vascular neck trauma. 13 However, we think that conventional angiography remains the study of choice for treatment planning because it evaluates collateral circulation and detects venous hypertension. It is also helpful to differentiate between a small hole in the vessel wall or complete transection. It is very important that the examination include catheterization of the external carotid artery and the thyrocervical trunk, 4 because 2 of our patients had additional shunt surgery from those vessels.
Because in most penetrating injuries of the vertebral artery, there is extensive damage of the vessel wall, possibly with transection, a reconstructive endovascular approach is not possible and vascular sacrifice may be necessary. This technique of treatment is safe whenever the contralateral vessel is adequate to supply both intracranial vertebral circulations. Parent artery occlusion can be performed if posterior inferior cerebellar artery patency is demonstrated and the balloon occlusion test is negative for vertebrobasilar ischemic symptoms. This is supported in our series with the occlusion of the vertebral artery in 13 patients, without any immediate or delayed ischemic complications. Because the possibility of steal phenomena from the contralateral vertebral artery exists, it is important to perform a trapping technique (Figs 1,2) , occluding both the proximal and distal aspects of the fistula by using detachable balloons or coils. 14 Whenever the dominant vertebral artery was injured, a re- constructive endovascular approach by using a stent and coils was accomplished (Fig 3) . However, there are other possible sources of collateral supply in addition to the contralateral vertebral artery, including the posterior communicating arteries or anastomosis between the external carotid and the vertebral artery that could be identified during a balloon test occlusion, allowing parent vessel sacrifice.
Initial total occlusion of the vertebral artery lesions was achieved in 89% of patients; nearly identical with that in the study of Beaujeux et al, 12 who reported immediate occlusion in 91% of lesions. In our series, both patients with immediate partial occlusion had delayed total occlusion, during follow-up in 1 patient (Fig 3) and after a new session of treatment in the other. We also observed spontaneous occlusion without treatment of an AVF. This circumstance is similar to the occlusion of the fistula after selective catheterization reported in 1 study 12 and the spontaneous closure of the shunt without intervention mentioned by another author. 15 Seventeen patients (94.5%) had clinical resolution of symptoms after embolotherapy. One patient who presented with incomplete improvement had dementia syndrome, and though improvement in mentation was difficult to quantify, some objective change was observed.
Although ischemic events, contrast media reactions, and clinical deterioration have been described after treatment of AVFs, 3, [16] [17] [18] [19] the absence of complications in our series and that of Beaujeux et al 12 shows that this technique can be a safe method of management for this pathology.
Conclusions
In this small series, endovascular techniques for occlusion of vertebral artery lesions were safe and effective methods of treatment. They were not associated with significant morbidity or mortality and could be the methods of choice for the treatment of most vertebral artery traumatic lesions, reserving surgery only for patients with severe bleeding or after failed embolization. 20 
